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Abstract 25
There is increasing interest in developing abattoir-based measures of farm animal welfare. It 26 is important to understand the extent to which these measures reflect lifetime welfare status. 27
The study aim was to determine whether lesions acquired during different production stages 28 remain visible on the carcass, and the degree to which carcass-based measures may reflect 29 broader health and welfare issues. 532 animals were assessed at 7, 9 and 10 weeks of age 30 (early life, EL), and at 15 and 20 weeks of age (later life, LL) for tail lesions (TL), skin 31 lesions (SL) and a number of health issues (HI) including lameness and coughing. Pigs were 32 categorised according to when individual welfare issues occurred in the production process; tail lesions, and skin lesions, and cold carcass weights (CCW) were obtained. Generalised 36 linear, ordinal logistic and binary logistic fixed model procedures were carried out to examine 37 the ability of TL, SL and HI lifetime categories to predict carcass traits. Pigs with TL in EL, 38 LL and WL had higher carcass tail lesion scores than U pigs (P < 0.001). Pigs with TL in LL 39 (P < 0.05) and WL (P < 0.001), but not in EL (P > 0.05), also had shorter tails at slaughter 40 than U pigs. In relation to TL scores, U pigs also had a higher cold carcass weight compared 41 to LL and WL (P < 0.001), but not EL pigs (P > 0.05). Pigs with SL in EL, LL and WL had 42 higher healed skin lesion scores on the carcass than U pigs (P < 0.001). Health issues recorded 43 during lifetime were not reflected in carcass measures used (P> 0.05). The current study 44
shows that tail lesions and skin lesions acquired at least 10 weeks before slaughter remain 45 evident on the carcass and consequently, may be useful as tools to assist in determining the 46 lifetime welfare status of pigs. Low CCW was associated with tail lesions, supporting 47 previous research suggesting that tail lesions have a negative impact on growth performance 48 in pigs. 49
Introduction 76
Input-based measures of animal welfare, for example, recording of environmental factors such 77 as stocking density or flooring type, are increasingly viewed as inadequate in reflecting the 78 welfare of individual animals. In contrast, animal-based 'outcome' measures allow the effect 79 of the environment on the animal to be directly assessed by examining how animals respond 80 to, and are affected by, resource and management-based measures (Velarde and Dalmau, 81 2012, Otten et al., 2014) . By directly recording the results of interactions between the 82 environment and the animal, the true consequences that a particular management practise has 83 on animal welfare can be measured (Welfare Quality, 2009). However, biosecurity issues 84 associated with entering farms, and poor visibility associated with dim lighting, high stocking 85
densities and dirty conditions, may hamper animal-based welfare assessments (Edwards et al., 86 1997 , Velarde et al., 2005 . Hence, the prospective benefits of using abattoir-based animal 87 welfare assessments are increasingly recognised (Harley et al., 2012b) . 88
In the EU, all animals that are slaughtered for meat are subjected to a meat inspection (MI) 89 process, with the primary aim of ensuring that meat is fit for human consumption. The 90 integration of outcome-based welfare measures into a pre-existing MI system would minimise 91 costs (Harley et al., 2014) , and allow a large number of animals from a variety of farms to be 92 assessed in a relatively short period of time. Previous abattoir-based research has tended to 93 focus on assessing the effects of conditions at the abattoir on welfare-related carcass lesions. 94
For example, the presence of rough edges within the abattoir, excessive goad usage or intra-95 specific aggression has been associated with visible skin damage to pig carcasses (De Lama, 96 2012). Relatively little research has been conducted on the extent to which carcass-based 97 assessments can inform us about the welfare status of pigs throughout their life. It is possible 98 that lesions sustained early in the production cycle may not be detectable at the abattoir 99 (Harley et al., 2012a) , and the source of the damage may be difficult to ascertain (Grandin, 100 2007) . Furthermore, only a limited number of welfare-related measures are suitable for post-101 mortem assessment and the extent to which these measures reflect general health and welfare 102 on-farm is unclear. 103
This study will examine the extent to which carcass-based measures of tail lesions, tail length, 104 fresh skin lesions, healed skin lesions, loin bruising and carcass weight in pigs reflect welfare 105 measurements recorded throughout the production cycle. In particular, the extent to which 106 certain lesions acquired during different production stages remain visible on the carcass and 107 the degree to which carcass-based measures may reflect broader health and welfare issues 108 throughout life was assessed. During the growing phase (4 -9.5 weeks of age) pigs in each batch were housed in the 131 'weaning unit' within one of four groups of 18 pigs, which were balanced for sex and weight. 132
Two of the pens were 'enriched' with deep straw bedding (replenished weekly) and a space 133 allowance of 0.62m 2 per pig. The other two pens were 'barren' and had no straw and a space 134 allowance of 0.41m 2 per pig. In both types of pens, floors were part slatted and constructed 135 from concrete. 136
At 9.5 weeks of age, each batch of pigs was transferred to a 'finishing unit'. At this stage, 137 approximately 90% of pigs were mixed into new groups that were balanced for sex and 138 weight, while remaining pigs stayed in their original groups. Pigs were housed in one of two 139 finishing houses in fully slatted pens within groups of either 10 (in house 1) or 20 (in house 2) 140 pigs. All pigs had an average space allowance of 0.64m 2 during this period. Pigs were 141 slaughtered at 21 weeks of age. 142 143
Data collection 144
Each pig was assessed at 7 and 9 weeks of age (in the weaning unit) and at 10, 15 and 20 145 weeks of age (in the finishing unit). Assessments were carried out over two days in each 146 observation week. 147
Two trained observers entered each pen. Individual ear tag numbers were recorded and each 148 pig was given a unique spray mark to allow for individual identification. In order to carry out 149 injury scoring, one observer slowly circled each pig and determined the scores that were to be 150 assigned. A second observer recorded the injury scores onto data sheets. Pigs were injury 151 scored in random order. The animals were sometimes brought into the corridor of the barn to 152 allow additional space for assessment of larger pigs. More than one small, superficial lesion or just one red (deeper than score 1) but still superficial lesion hematomas, and body condition was assessed (Table 2) . Lameness was assessed 194 by observing each pig walking for several paces until the lameness status could be 195 established. Any lying or sitting pigs were encouraged to stand and walk. Pigs 196 unable to stand were left undisturbed and lameness scores recorded as 'missing '. 197 In contrast to all other physical welfare measures, coughing was recorded on day 2 198 in order to allow adequate time for its detection. Each pen of 18-20 pigs was 199 monitored for coughing for 20 minutes each, and the identity of any animal that 200 coughed was recorded. In the finishing unit, a number of pigs were housed in 201 groups of 10. In this case, two pens were assessed concurrently when directly 202 adjacent to each other. Due to a low occurrence of many of the health issues, each 203 animal was assigned a single 'presence' or 'absence' score for each health issue Pigs were categorised into one of four welfare categories for each analysis. Classification at 225 each life stage for tail lesions and health issues was based on the issues being present or 226 absent, regardless of severity. Due to the high frequency of mild skin lesions, skin lesion 227 classification was based on the presence or absence of moderate to severe skin lesions at each 228 life stage (Table 3) . Uninjured (U) pigs for each welfare issue were those that showed no 229 evidence of that particular issue (tail lesions, moderate to severe skin lesions, or any health 230 issue) at any life stage. For example, with regard to tail lesion lifetime category, uninjured 231 pigs were those that showed no evidence of having tail lesions at any observation week (see 232 
2.5.Abattoir-based data collection 240
One day prior to slaughter, each pig was given a unique slap mark and this was recorded 241 during the abattoir-based assessments. This allowed the lifetime welfare record for each pig to 242 be matched with the corresponding carcass. 243
On the day of slaughter, the pigs were loaded onto a two-deck lorry where they were mixed 244 All statistical analyses were carried out using SPSS version 20. 308 309 310
Results 311
The prevalence of health and welfare issues at each observation week during the lifetime of 312 the animal is presented in Table 4 . (Wald3 = 29.96, P < 0.001). Specifically, Uninjured pigs had full docked length 344 tails (99% prevalence) more often than LL pigs (87% prevalence, P < 0.05) and 345 † P < 0.001 P < 0.001 P < 0.001 WL pigs (74% prevalence, P < 0.001), but not EL pigs (99% prevalence, P > 346 0.05). 
Discussion 378
It is being increasingly recognised that it is possible to assess welfare issues that have occured 379 on farm, at the abattoir. In a recent review of the topic, Grandin (2017) obtained input-based information about on-farm welfare (e.g. stocking density) rather than 401 animal-based information. In addition, information on the farm characteristics in this study was reported by farmers via questionnaire. Therefore, these factors were not directly
4.3.Carcass-based indicators of lifetime health status 475
Harley et al. (2012b) found that approximately 1% of Irish pigs are either partially or entirely 476 condemned at slaughter. Given the sample size of 532 animals in the current study, it would 477 not have been possible to try to robustly link carcass condemnation records from our 478 experimental pigs with welfare-related measures recorded throughout their lifetime. We 479 were, however, interested in the extent to which our other carcass-based measures may have 480 reflected health status recorded during lifetime assessments. For example, previous studies 481 have linked tail lesions with a number of health conditions detected at condemnation of 482 viscera, including pleurisy, pneumonia and pleuropneumonia . In 483 addition, stress associated with receiving high levels of aggression may compromise the 484 immune system (Desire et al., 2016) making animals more susceptible to disease. Therefore, 485
we may have expected to see a relationship between skin lesions scores and lifetime health 486 status. The lack of relationships shown could perhaps have reflected the relatively low 487 numbers of animals detected with health issues during our study, which, in turn, could reflect 488 the fact that these pigs were housed in experimental facilities. It is also possible that the 489 grouping of health conditions recorded during lifetime into one overall category may have 490 masked any potential relationships between carcass measures and specific health conditions. 491
Further research, utilising a larger sample size, is needed to determine whether health issues 492 on farm are indeed linked to carcass-based welfare indicators in any meaningful way. 493 494
4.4.Carcass loin bruising 495
The lack of association between loin bruising and lifetime welfare measures suggests that this 496 issue may not be a good indicator of on-farm welfare. However, it may also be due to the fact 497 that loin bruising was not directly comparable with any on-farm measure. In contrast to tail lesions and skin lesions, loin bruising is not easily visible on the live animal (Carroll et al., 
